Density Functional Theory Insights into the Role of the Methionine-Tyrosine-Tryptophan Adduct Radical in the KatG Catalase Reaction: O2 Release from the Oxyheme Intermediate.
Density functional theory was employed for a comprehensive study that provided electronic and structural insights into the KatG catalase reaction that involves oxyheme. The catalytic role of a unique amino acid cofactor Met-Tyr-Trp (MYW) in its radical form found in KatG was thereby elucidated. It was established that the MYW-radical is flexible such that a "hinge-like opening" rotation of the Trp-107 ring with respect to the Tyr-229 ring along their covalent C-C bond is an inherent feature of its catalytic properties. Also, an H-bond between the Tyr-229 and the mobile side chain of Arg-418 further enables the catalytic events. The opening process breaks an H-bond between the N-H of Trp-107 and the inner oxygen of the Fe-O2 (oxyheme) complex present in the closed conformation of the MYW-radical. This motion lowers the spin-crossing energy barrier between the ground state and the catalytically active high-spin states and enables electron transfer from the oxyheme group to the MYW-radical. The release of molecular oxygen is thereby catalyzed and leaves ferric-heme poised for another catalytic cycle. The energy barrier for the oxyheme state to complete the catalytic event, when assisted by the radical opening process, is thereby reduced and estimated to be 5.6 kcal/mol.